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Objective
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Utilize modeling and observations to
develop guantitative volcanic ash concentratieowcastsand
forecasts which communicate uncertainty.
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Background

 Current guidance Is complete avoidance of volcanic ash by aircratt.
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Volcanic ash is a major aviation hazard which can cause engine failure,|
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above) according to International Ciwiation OrganizatioCAO)
guidelinesNOAA houses 2 of the 9 VAACs.

Qt 0, 6, 12, 18 hours are indicated by a polygon.

Currently, the VAA Is a text and graphical product. Areas of discernabl

/\/olcanic ash advisory centers (VAACS) are responsible for issuing Volc nic
Ash Advisories (VAAS) for volcanic ash emissions in their area (show
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: REMARKS: NONE
VOLCANO: RAIKOKE 290250 NEXT ADVISORY: WILL BE ISSUED BY 20190624/14457
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VAAC: WASHINGTON ARLIER VA CLD TO FL300 IS QUICKLY DSIPTD IN STLT Ty

VOLCANO: REVENTADOR 352010 IMAGERY AND MOV SSE. NEW VA CLDS TO ESTIMATED FL250 ARE MOV ADVISORY NUM: 2019/016
EA: ECUADOR ) MMIT IN STLT, BASED ON ACT FURTHER VA CLDS MAY BE :

ITELEV: 11686 FT (3562 M)

EXP THRU T+6 HRS
NXT ADVISORY:

VAA issued foReventadoi(Ecuador) by
The Washington VAAC on 25 Feb 20109.
VAAswere issued foReventadomllmost
every day in 2019.

Example of supplemental quantitative ash

ICAO specificatiorfer VAAs ardikely to char@
significantly in the near future, including
requirements for guantitative estimates akh.
Changes are iresponse to evolving needs of
aviationstakeholders, detter understanding of
the impact of ash on engines, and improved

observational and modeling capabillities.

11/21/2019Cojoint7" WMO VAAC Best Practices Workshtp 9
WMO/IUGG Volcanic Ash Scientific Advisory Group (VASAG) Meeting.
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flight levels FL
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VAA issued for ash froRaikokgKuril Islands)
by the Anchorage VAAC on 25 Feb 2018s
largeeruption produced a long lived ash cloud
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https://www.metoffice.qgov.uk/services/transport/aviation/requlated/

vaac/concentratiorcharts

\mtps://vwvw.wmo.int/aemp/VAAGB R7-VASA® /
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Observations are critical

to quantify and

reduce uncertainty

Primary source of volcanic cloud observations is satellite.

@LcanicCloud Analysis Toolkit\
(VOLCAT)is a NOAA fundegbroject

directed by MichaelPavolonis at
NOAANESDIS/CIMSS.

Multiple geostationary and low
earth orbiting satellite data are
used to detect global volcanic
activity. Automatic alerts are

provided.

https://volcano.ssec.wisc.edu/

M. JPavolonis Sieglaff J.Cintneoh * 8 h O3 BDAAOOAI
Cloud Objects A generalized framework for automated

—

detection of volcanic ash and dust clouds using passive satellite
measurements: 1. Multispectral analysi8 6 xr2qd ! OI
(2015). https://doi.org/10.1002/2014JD022968

HIMAWARI-8 AHI (06/22/2019 - 0:00 UTC)
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Modeling provides forecasts and can reduce uncertainty

IN nowcasting .

Concentration estimated from
VOLCAImass loadingfrom MODIS)
by assumingloud thicknessf 500m.
Distal ash clouds usually consist of
thin layers.
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HYSPLIT output (driven by one member of the GEFS).
Blue lines outline satelliteetrieval shown above.
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of many thin layers which
cover a large altitude range.
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Possible ash
outside of view of

satellite\

Concentration is the relevant
guantity for aviation. 0.2 and
2 mg/m° have been proposed
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alarm detection?
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Ash Cloudrom August2008 Eruption oKasatoch(blue triangle) approximately

3.5 days after end of eruptionrAsh from the eruption was pulled into a passing
low pressure system. The ash traveled as a fairly cohesive block within the are

of low pressure for several days.

Semi-Automated Workflow

Amount of information which must be ingested as well as produced is
iIncreasing. The workflow which produces a VAA will become more
automated. For instance VOLCAT alerts often reduce time to detect an
eruption. Modeling tasks will be automated or semuitomated.

https://www.ready.noaa.gov/hysplitasbin/vaacla.py
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as significant threshold values.
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HYSPLIT Model Toolbox
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(930, )4 EO /| 1 Uagrangian@ndosphAedEranspbrt and
dispersion model. It can provide forecasts of concentration for emergency
_response quickly. https://www.ready.noaa.gov/HYSPLIT.php y

Inversion Algorithms

Emission terms are obtained by searching for the emissions that would create
model predictions which best match observations.

} Producebetter long term forecasts by creating a more accurate Initialization
Significantly less likely to over or under estimate concentrations.
T Emissions may be fed into a numerical weatbiexdiction, NWPnodel.

RELEASE RATE (kg/s)

Estimated emissions from 2008

eruption ofKasatochi

HEIGHT (km)

TianfengChal, etal., (2017) Improving
volcanic ash predictions with the HYSPLIT
dispersion model by assimilating MODIS
satellite retrievalsAtmos. Chem. Phys., 17,

p1-15 doi:10.5194/acpl7-1-2017

TIME

Data Insertion

Construct an initialization for the dispersion model at the time and location of an
observation This technique Is fast and can help correct for errors in NWP winds

or HYSPLIT model parameterizations.

e Eruption ofRaikoFe’n

June 2019 produced a
large long lived ash
cloud.
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VOLCAT mass loadi(fgpom Himawar)
12 hours after eruption start. Used to
constructinitializationfor HYSPLIT.

Data insertion HYSPlLlibrecast for 24
hours after eruptiorstart. Model run
started 12 hours after eruption with
mass Initialized at locations shown in
observations above.

VOLCAT mass loading 24 hours after
eruption start.

Compare to forecast and then create a
new model initialization.

Crawford, et al., (2016) Initializing HYSPLIT with satellite observations of volcanic ash: A case study of tt
2008KasatocheruptionJ. of Geophysical Research: Atmosphet@4, p 10,786, doi:10.1002/2016D024779

Dispersion model Ensembles

Combine information from multiple model

Blue VOLCAT

Gray- Numberof Model

Runswith C > 0.2 mg/ih  Mass loadingg/m?)
from GOES16

runs to convey uncertainty in the forecast

L.
_ 2019 Feb 2% mall eruption oReventadar 6
Multiple runs can be constructed by °°- A .
. utilizing NWP ensemble output : .

2. Varying HYSPLIT parameterizatiohs

3. Varying initializations

4. Multi-model (HYSPLIT and NWP
forecasts)
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There are many different kinds of products O'_m

which can be constructed from the output of

|
—-77.7

| [ |
—77.6 —-77.5 —-77.4

a dispersion model ensemble. To the right isThough smaller, this eruption was difficult to

an examplaevhich indicates the number of

forecast due to high wind shear, the

model runs which forecast concentrations Placement of which was not captured well in

greater than a given threshold level.

the models.

Some of this work is part of the JPSS Initiative for Improving Volcanic Hazard Monitoring and Forecasting.
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